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.PHASE I TREASURE ISLAND BIBLIOGRAPHICAL REPORT AID 350 - I

BOOK Call No.: TN672.V8
Author: APAYEV, B. A.
Full Title: SIGNIFICANCE OF CARBON IN THE FORMATION OF INTERMEDIATE
CARBIDE PHASES
Transliterated Title: Rol' ugleroda v obrazovanii promeczhutochnykh

karbidnykh faz
Publishing Data

Originating Agency: All-Union Scientific Engineering and Technical
Society of Machine Builders. Urals Branch
Publishing House: State Sclentific and Technical Publishing House
of Machine Building Literature ("Mashgiz")
Date: 1950 No. pp.: 15 No. of coples: 3,000
Text Data
This 1s an article from the book: VSESOYUZNOYE NAUCHNOYE INZHENERNO-
TEKHNICHESKOYE OBSHCHESTVO MASHINOSTROITELEY. URAL'SKOYE OTDELENIYE,
THERMAL TREATMENT OF METALS - Symposium of Conference (Termicheskaye
obrabotks metallov, materialy konferentsii) (p. 190-204), see AID 223-11I
Coverage: On the basis of early investigations conducted by
A. P. Arbuzov, G, V. Kurdyumov and I. V. Isaychev, the in-
termediate carbide phase FexC was believed to be distinctly
different from common cementite. However, later study shows
that the carbide rormeg during annealing of tempered steel
1/2
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"Rol' ugleroda v obrazovanii promezhutochnykh karbidnykh faz AID 3%.

does not differ from cementite, Specific changes in the X-
ray pictures taken at different temperatures of annealing
indicate a special form of carbide particles and their dis-
persibility. The results lead to new study of the nature of
the “third transformation" for the explanation of effects
observed particularly in the region of 400° - 300°C. The study
wag conducted on various carbon steeln by the magnetic method
related to: the phase composition at different annealing
temperatures; carbon formontion at intermediate carbide phase;
anomaly in the intensity of the magnetization curve; quanti-

tative characteristic of decomposing reaction of FexC and to
many other problems of similar nature.

The experimental results lead to gany interesting conclusions

mentioned in the text, 7 charts, tables.
Purpose: For scientific workers
Facilities: None

No. of Russian and Slavic References: 10 (1939-49)

Available: Library of Congress,

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"



"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2

N SR UGS BTy V- S EII I
it & = ¥4 ¥

poegrgd Nask VS
- Ratore of tnartensite B8 M f“ 4}1 . qL. (o?
A A YR B AU L ' [
o

bt vty by boacer

[T

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"



"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2

SEOREFVC WIS T LI TRIIR v, WG N B A I SRS BN U =0 YT D o 2 P SIS N A S R R A
2t BT 5 NP = X I W YW T N € Iy B .
1Y p¥ TSP OLC RPN i B )

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"



"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"

REEALE



"APPROVED FOR RELEASE: 06/19/2000

CIA-RDP86-00513R000101820016-2

APPROVED FOR RELEASE: 06/19/2000

CIA-RDP86-00513R000101820016-2"



"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2

.

& 1o Rile '-

A m\/t;w 15 H. 7

P RAwme Rt Y FAR AN e o

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"



"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2

[ DRSS Y5 BT A S Y RS TR ST

USSR / Solid State Physios / Phase Tra.c -mations in Solid
Bodies

Abs Jour 1t Ref Zhur - Fizika, No, 6, 1967 No, 11698

Author 1 Apayev, B,A,
Inst e
Title t On the Determination of the Amount of Austenite by Magnetic

Method,
Orig Pub 1 Zavod, laboratoruja, 1966, 22, No, 6, 762 - 755

Abstract 1 Remarks to an artiocle by Yu, A, Geller (Referat Zhur
Fizika, 1956, 24562), The answer by Geller and additional
remarks by the author are also given,

Card: 1/1
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Category : USSR/Solid State Phyaics - Phase transformation of solid bodies E-5

Abs Jour : Ref zZhur - Fizika, No 1, 1957, No 1225

Author : Apayev, B.A.
Inst : CorTkIy Usilv. USSR _
Title ¢ Carbide Phases Formed Upon Tempering of Hardened Steel

Orig Pub : Dokl. AN SSSR, 1956, 107, no 5, 685-688

Abstract : Carbide phases of iron Fe,C, X FenC, and & Fe,C, vith Curie points of 210,
265 and 380°; vere observéd by the investigators during the synthesis of hy-
drocarbons of CO and H» in a study of carbide formation in iren catalyzers.
The transformation in such phases can be represented by £ FeaC - X Fe,C —>
Fe3C. An invea't'igntion of the carbide formation during annealing of hardened
carbon steel shows that carbide phases, characterized hy the same values of
Curie points, are formed at definite gtages of the annealing., The first two
phases are designated by the author & Fe,C, there being a difference of opin-
ion concerning the chemical compositibn of these phases. The decomposition
products of these phases and their temperature stability turn out to be the
sbme as in the Eand X phases, formed' during synthesis of hydrocarbons with
an iron catalyzer. The carbide-formation process in metal and high carbon

steels (UG -- U12) 1s given by the following scheme: Fe o) (C) ~»EFext —>
Fe, —» Fe3c.
Card i 1/1
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UySR/Magnetism - Ferromagnetism r-2

Abs Jour : Ref Zhur - Fieika, No 1, 1958, 1135

Author ! Apayev, B.A.
Inst : Gor'kiy University

Title + Concernin e Problem of the Magnetic Effect on the
Curves I ot ) in the Temperature Range 260 -- 2700,
Obtained for Tempered and Deformed Specimens.

Orig Pub  : Piz. metallov & metallovedeniye, 1957, &, Wo 2, 267-277

Abgtract : In the tempering of hardened steel and in the deformation
of annealed steel, there is observed an identical charace-
ter of the variation of the magnetic properties, namely
an increase in the magnetisation (compared with the mgne-
tization in the annealed state) and the appearance of s
bend in the curves I (t0) in the region from 260 to 270°
(in addition to the bend at the Curie point of the

Jard 1/2
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AUTHOR : Apayev, B, d., Candidate of Technical Bciences

«T=5/16
TITLE: On the mechanism of carbide formation during'@émpering of
carbon steel, (0 s8khemakh karbidoobrazovaniya pri otpuske
uglerodistoy stali),

PERIODICAL: n ov brabotka Metallov" (Metallurgy
and Metal Treatmen R » 80«7y PP.23-24 (U.8.8.R,)
ABSTRACT ; Prof, A. P,

Gulyaev suggested that

ed equal
cimens, With increasing
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AUTHORS » Tolomasov, V.A., Apayev, B.A,
T T T —
TITLE: Disoussion of the Measuring Scheme of the Ballistic Magnetometer

and Anisometer R :
(Issledovaniyeismeritelnykh okhem ballisticheskogo magnitometrs i
anizonetra)

PERIODICAL: Zavodskaya Laboratoriya, 1957, Vol. 23, Nr 7, pp. 821 - 825 (USSR)

ABSTRACYs This paper disousses the effective ratio betveen the racordings
obtained from the apparatus and the actusl degree of nagnetization
for the ballistic magnetometer and anisoneter. By means of com-
putation poseible errors are discussed on the tasis of oertain con-
ditions and corresponding correotions are desoribed. The mper con-
oists of two parte: 1,) stio meter. The principle of
the construotion of the latter is based upon measuring of the mag-
netic ourrent in the ooil, which is generated during the removal
of the sample located between the two magnetic poles (through a
corresponding channel); this is also accompanied by a nonunifomrm
magnetization of the sample during this process. (Examples are

iven}. In paragraph 2.) Magnetometer with dipole meassuring scheme
Card 1/2 Egnisogggogs the construction of the apparatus mentioned is des-
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. AUTHORS:
TITLE:

PERIODICAL:

ABSTRACT:

Apayev, B. A., Sysuyev, Yu. A. SOV/163 -58-2-38/46

The Changes in Cementite Cauged by Cold Plastic Deformation

(Izmeneniya v tsementite pod deystviyem kholodnoy
Plasticheskoy deformatsit)

Nauchnyye doklady vysshey shkoly. Metallurgiya, 1958,
Nr 2, pp. 209 - 213 (USSR)

The increase of magnetization in iron-carbon alloya at
temperatures above 270°C as a result of the deformation
and the increase of the a-solid solutien quantity. The
inveastigations were carried out with steel samples of
the type 45 in hardened and annealed state. The increase
of the magnetism may also be caused by the phasey -Fe C.
The change of the magnoetism in the steel samples 45 and
U-10 was investigated ng dependent en the degree of
deformatien. When comparing the curves plotted with one
another a quantitative relation between the carbon of
the steel and the amount of thevt -Fe_C-phase formed was
found. The course ef the phase transformstion in cementite
under the effect of cold deformation shows that 1t ig
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The Changes in Ce-erntite Cauaed ty Celd Plartic Se-
forzatioen

necessary to take into account thig pheromenon when
investiguting the mechanical properties as well as

the mechanisam of the pPlastic deforzation in hetero«
genoous systems. There are 4 figures and 12 references,
6 of which are Soviet.

ASSOCIATION: Iasledovatel‘skiy fiziko-tekhnichenkiy institut Gor'kovskogo
gos.universiteta(Physico-Techni cal Regearch Instivute of
Gor'kiy State University)

SUBMITTED: October 1, 1957

Card 2/2
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TIELONOV, O.F., kand, tekhn, mauk, dote,; APAYEV, B.A., knnd, fis,-mat,
nauk; RUNOV, Y,.V,, insh, S

Investigating the graphitisation of white cast iron by means of
the mgnctio method. Izv, vys, uched., sav,i chern. met. mo,bt
147-152 Ap 158, (MIRA 1116)

1, Gor'xovekiy politekhnicheskiy institut i Oor'kovekly fisiko-
tekhnicheskiy instistut.
(Cast iron--Metallography)
(Perromegnotism)
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Chromium Steel (Protsess
otpuske khromistykh staley)

PERIODICAL: Fizika Metallov i Hetallovedeniye, 1958, Vol 6, Nr 5,
Pp 858 - 865 (USSR)

ion on tempering

have been suggested (Refs 1-6), The authors of papers
(Refs 2-6) think that t

he chromium content of the first
portions of cementite forming is the same as the average
chromium content of the steel. Hence chromiunm takes part
in the formation of carbides from th
vempering:, Lashko et al (Ref 7)
on tempering become more complex as the alloy element
content incre

'eph 1 1 ace-centred cubic
Caral/e Y “Phase in alloys containing 10 to 15

20016-2"
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SOV/12€~6-5-15/43
Yrocesses of Carbide Formation During Tempering of Chromium Steel

is followed by trigonal carbide formation. The y'-phase

is thought to be similar in chemical composition to trigonsl
carbide. The crystallisation of cubic carbide, as well as
of trigonal, takes place from the x-solid solution after
(Cr,Pe),C, has gone into solution. In a number of papers

(Refs 3,4,8 and 9) the formation of a low-temperature phase
FexC during tempering of chromium steels is mentioned.

The chemical composition of the steels investigated by the

author of the present paper is given in Table 1. All 8feele
wer}%xenched from specified temperatures ezbove 1 00O "C,
a

int ustic soda solution, followed by cooling in iiquid
oxygen. High carbon chromiun steels (Cr/C = 3«2) were
given a homogenising anneal in vacuum at 1 200 “C for 12
hours prior to quenching. The investigation was carried
out on a magnetometer in a field of 7 000 Oe, the specimers
being cylinders of 4 mm dia and 40 mm length. Concliusione
as to the formation of ferromagnetic phases were arrived
at on the basis of IB(t) curves, which were plotted for

Card2/6 the specimens during repeated heating after the atove heat
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S0V/126-6-5-15/43
Processes of Carbid Formation During Tempering of Chromium Steel

treatment. The change in phase composition with length

of empering time or with increase in tempering
temperature was determined by compring the appropriate
repeated heating curves. The behaviour of the steel

10Kh15 is shown graphically in Figures 1, 2 and 3 and of
steels 10Kh30 in Figures 4 and 5. The solution of chromium
in cementite can be observed in the magnetic analysis by

the displacement of the Ao point. The dependence of the

value of the Curie point of cementite on tempering
temperature is shown in Figure 6. From the curves it
follows that, commencing from 2 certain definite temperature
for wach steel, the Curie point is displaced towards laower
temperatures. The temperature st which chromium begins t¢
dissolve in cementite decreases with increasing chromiua
content of the steel. Also from Figure 6 can be concluded
that the cementite phase forming initially during continucus
heating of steel does not contain any c¢chrr-aium. The
solution of chromium in cementite always precedes the for-
mation of special chromium carbides. The formsticn of
trigonal carbide takes place when the limiting concen®rsation

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"
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80V/126-6-5-15/43
Processes of Carbide Formation During Tempering of Chromium Steel

of chromium in cementite (13 to 25%) is reached and is
independent of the chromium content of the steel. The
temperature at which this preliminary stage is complete
can be assumed to be also the temperature at which the
special carbides begin to form. Both these temperatures
must depend in the same way on the relative concentration,
dropping with increase in the value of Cr/C. As the
limiting concentration of chromium in cementite is obtained,
the latter becomes paramagnetic. The beginning of trigenal
carbide formation in the mgnetic analysis is the tempers-
ture at which the A, point appears in the Is(t) curves,

A comparison of these temperatures with the special

carbide formation temperature, according to the results

of investigation by Bokshteyn (Ref 2) confirms such an

interpretation (see Table 2;. The carbide formation in

chromium steel on tempering can be checked very simply from

temperature-relative concentration of alloy element

(Cr/C) diagrams. Such a diagram, in which the temperature

range at which the carbide phases of chromium steels (at a
6 constant C content of 1%) remains stable during tempering

Card4/6 jg ghown in Figure 7. Up to a relative Gr/G concentration

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"
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S0V/126~6-5-15/43%

Processes of Carbide Formation During Tempering of Chromium Steel

CardS5/6

APPROVED FOR RELEASE: 06/19/2000

0f <3 all three carbide phases of iron form during
tempering. For compositions in which the formation of
trigonal carbide is possible, the change in phase con-
position with increase in tempering temparature will go
through the stages

Moe -;)( -)FeBC - (Fe,Cr)BC -’éFe,Cr')}C + (Cr,Fe)?Ce:l .
At relative Cr/C concentrations of D3, two iron carbide
phases form, e - Fexc and FeBC « The change in phase

composition with increase in empering temperature in these
two stages may be represented by:

M -—}e-;[e + F°3c]"E + (Fe,Cr)ac]—b(Fe,Cr')BC -~
..,[(re,Cr")5c + (Cr,Fe),/c;l .

As the chromium content of steel is increased, the
temperature of decomposition of residual austenite increases.

CIA-RDP86-00513R000101820016-2"
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S0V/126-6-5~15/43
Processes of Carbide Formation During Tempering of Chromium Steel

At a value of Or/C )8 , chromium stesls belong to the
austenitic class. e investigation carried out has shown
that a universal scheme for the description of tempering

processes applying to all steel compositions cannot be
established.

There are 7 figures, 2 tubles and 13 Soviet refersnces.

ASBOCIATION: gor'kovekiy issledovatel'skiy fiziko-tekhnicheskiy
institut (Gor'kiy Physico-technical Research Institute)
SUBMITTED: March 18, 1957

Card 6/6
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[

APAYAY, B.A,, kand.fix.-matem.nauk, red.; ASTROY, Ye.I., kand.tekhn.

nauk, red,; KNYAZRY, V.Y,, red.; BRULIKOYSKAYA, R.0Q,,
tekhn,red,

[Metallography and the heat treatment of metals; collection of
oruolooﬁ Metallovedenie i termicheskaim obrabstka; sbornik

statel, Qor'kii, Gor'kovskoe kmishnoe izd-vo, 1959, 184 p,

(WIRA 13:2)
1. Gor'kovalkdy iesledovatel'skiy fisiko~tekhnicleakiy institut
(for Apayev). 2. Oor'kovskiy metullurgicheskiy ravod (for
Aatrovsu:

(Metallography) (Metals--Hent trentment)
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The tidrd prize(imeni D. X. Chernov) was awarded to the followings
Candidate of Physico-Mathematical Sciences B, A. Apayev (Gor'kiy hysico=

Technical Research Institute) for his paper "Investigation of Processes Du 1
Terpering of Hardened Steel", 8 e

Results of the 1958 Competition for Obtaining imeni De K. Chernov and imeni
N. As Minkevich Prizes, Metallovedeniye i termicheskaya obrabotka metallov,
1959, No. 6, pp 6264
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AUTHOR: W.. A

TIWLE Redistribution of oarbon and alloying elements at tempering harden od -
steels N

PERIODICAL1 Reforativyy ghurnal, Metallurgiys, no. B, 1962, 14 - 15, abstraot
h192 (V sb. "Metallovedeniye 1 term. obrabotka". gor'kiy, 1959,

103 ~.116)

TEXT The following mochanism of redistribution of C and alloying elements

at tempering the marténsite hardened steels is a1 , In straight carbon

steols containing < 0.4% C the oar eds by the scheme N

% — (Fo,L -»Fo;(:, and at C ocontent of >0.4% by the scheme M —» ¢Fe,C — JROLL 4 '
-5 Fe3c. The allo s change the temparature preocipitation es ,
of these carbides, an increased metal-to-C ratio tho degoneration of i\

. & -oarbide takes plaoe. In steals with Mo, V, W {nsoludble in Fe30, the stages of |
redistribution of C and alloying elemenis ars separated from one anothor and
proceed one after another until the moment of the spocial carbide formation, tek-
ing place at the Pe3c - ferrite boundaries. The 1ntter stage 18 preoeded‘ by :

card. 1/2
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8/137/61/000/012/135,/149
A006 /A101

AUTHORS Apayev, BA,, Kruotakaya, S.N,

TI'I;LE: An oXperimental method of calculating magnetization of carbon stes}
martensise

Referativnyy thurnaj, Maunurglya, no. 12, 1961, 39, abstraot

121206 (V)a'o. "Matn]lovedonlye 1 term, obrnbotka", Gor'kiy, 1959,
120 .« 136 )

experimental method 18 proposed to determine magnetization of a
rd from the effect of reducing the magnetization of a Quench.
1al stages of 1ts low-temperature tempering, It is
tomperature tempering (100.200°¢)

out reduces mag-
netization, Therefore

reas . proporttonal teo
the volumetrie martenss d * This indicates the poasi-
bilisy of using conventionsily qu <mens to obtain tempered
martensite standards, ial Investigated was carbon steel, containing
from 0.4 1o 1.2 C. 1t ts shown that the magnitude of maximum magnetization

- 101820016-2"
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8/1371/6 1/000/012/1)5/1“9
An experimental method A0S /A101

reducticn, as a funetion of the ¢ Peroentage, was Practically egual for all tem.

pering temperatures, but the rate of martensite decemposition increased with

higher ‘emperatures, It i1s shewn that the nature hYy preliminary quenching has

no marked effeot on the content of residual austenite after processing in

l1quid ¢, Data on the percentage of residual austenite are in agreement, with Z

results oktained by Roterts who employed a rrecision roentgenostructural me thod,
There are 12 referenceas,

I, Nikitina

[Avstracter's note, Complete transl - 1on]
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H50¥/129-59. 1/1
AUTHORS: Apayev B.A, (Cand.Phys.Mat. Saiencgé { 9-59-6-1/15
“‘thso€sﬁayn, 8,N, and Makarychev, V,N, (Bngineers)
TITLE: On the Corres ondence of the Kinetics of De

Residual and

dennogo austenits v lagiroVannykh s

PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov,
959, Nr 6, pPp 2-6 (USSR)

AESTRACT: The aim of the work deseribaed in this paper was to
comparative data on the k
residual and supe
the influence of
of residual austenite during tempering for a large number
of alloy steols (Refs 1-6).  The investigaticns were
carried out on tungsten, vanadium, chromium and molybdenum
Steels, for whioch the contents of carbon and of alloying
eletments and glso of the residual austenite, are e¢ntsrad
in Table 1, page 2, After preliminary homogenization
annealing at 1200 oC for § hours, specimens of 4 mp dia

. and 40 mm length wsre quenchled in oil. The process of

S8rdl/5  jsothermal decomposition of residual austenite was studied

016-2"
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: SOV/129-59-6-1,’15
On the Correspondence of the Kineties of Docomposition of Residual
and Supercooled Austenite in Alloy Stesls

at the tempering tempesratures 100 to 650 °C, in steps of
50°C, with holding times at each tsuperatura of £0
oirutes in mol%en tin, The investigations were 2arried
out magnetically by means of a MAG 51 instrument which
enabled following phase changes In the spacimen from
the instant of charging i% into the bath up to the end
of hoiding it at the given temperatura, and also during
subsequant cooling. For sach temporing temperatu-e a
decomposition isotherm was Teucrded in coordlnatas of
instrument readings (e) versus time (Y). For each
temperature the time of heating the specimen through to
the bath tenperatura, i,a. tha non-isothermal range of
the process, was evaiuated foom the time taken from the
instant of charging the annesled specimen in%o the bath
up to the irstart of termination of cranges in the
magnetization vaiues, Por hath temperatures between
30C and 650 ¢C the Leating time varied ‘etwasn S and .2
Saconds.,  The decompositicn of Supercool 3d austenite was
Card2/5 Studied in the temperature range 3CO &2 200 <C, wvherehy
the heating temperaturs feor quahching was 1100 9C for

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2
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On the Correspcndence of the Kiretics cf Dscompos
and Supercooled Austenite in Alloy Steels
all the tested steals; liquid tin served as the
isothermal madium. The resuits confirm  that Mo, W
and V, have little influence on the stability of
residual austenite for a wide range of contantration
of these alloying elements (up to 188 W up to WK V,
up o ¥ Mo). No inersase in the stabllity of the
austenite was observed in shromium steels with up to
% Cr. Diagrams of transformation of the residual and
supercoolsd austenite for several of the testel steols
are reproduced in Figs 1 - ¥, I% was found that the
kinatics of trausformation of the residual austenite and
the influence of allecying alerants :r %his process
depend on the tempering monditions, For a number of
Stewls the alloying slements 4Jd not havs any ccnsiderable
influence »n the stability of %the sustenits in the case
of slow heating. ign hesting speads bring adout a zapid
change in tne kineti:s of decomposition of the residual
austeuite and it tecomes suaparadie in charaster with the
kinetics of isothermal transformaticn of supeteocled
Card3/5 austenite, Cimparizon of the dacompesition diegrems
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50V/129-59-6-1/15

On the Correspondence of ths Kinstis of Decomposition «f Residual

and Superccoled Austynito in Alisy Steals
alicws the zznzlusien that the zompllcatad shapr of the
transformation cdiagrax of residual austenito was cbserved,
in all the investigat=d steels, fov senbentBofl tne
elloying elurent whih were ~onsfderabtly higher than in
the case of super~olad austonita. This may bt- cdus to
the fact that far e piven volume of the specimen 1t
was nok possitle &~ ackleve trothermal zonditicns of
tompering. In the 23ss of spscaimsns of imaller volumes,
bettor sorrespordenie zan ba gntiaipatod betweer She
individuel diograz:. Ths zcnes 2f stability of resldual
and supercooled austanite wers either %he ssma fcr all
the investigated stc:ls, of the zona of stability of
residual eustenite wam at lower %emperaturas, ine
diagrams of desompositicn of residusl sustenite ave
particulariy important when working out regimes of
temporing of high alloy cass-hardersd s%eals, nnd also
when working ou$ S-cperirg ragimes in molten suits or
metaig, The rasulis obtained Ly She anthor s of this
paper indicats that the speed of rpaating during tompering
may in some casys Lan of <onalderalis importsnce. An

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"
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On.the Correspondence of the Kinetics of Decomposition uf Residual
and Bupercooled Austenite in Alloy Steols

identical tempering regime may lead to different results
if the heating is effected at differing speeds. Whilst
in the case of slow heating the transformation 1s fully
terminated during the process of holding at a certain
temporature, during rapid heating the transformation may
also proceed during the cooli~g. In view of the faat '
that for a wide range of steels the character »f the
kinetice of transformation of residual and supercooled
austenite is similar (provided the isothermal nature of
the process is consorved), there is a possibillity of
evolving a unified theory of the processes invilved.
Thore are § figures, 2 tables and 11 referencos; 10 cf
which are Sovie%t and 1 Bnglish.

ASSOCIATION: Gor'kovskiy 1ssledovatel'skly flzikc-tskhnisheskiy
institut (Qortkiy Physicc-technical Research Iiastituts)

Card 5/5

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"



"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2

AFATEV, B.A., kand, f1s,-nat,nauk; KRASOTSFAYA, S5.W., Tnizh.i TAKOVLEV, 5o, insh, (R

Bffect of alloy elepents on the stability of martensite Juring lov-
tewperature tempering., lsv, vys, ucheb, sav,; chern, met, 2 no,4:89-92
Ap 'S9. {NIRA 12:8)

1.00r'kovekiy issledovatel'skiy fisiko-tekhnicheskiy institut,
Rekomendovano Uchenym sovetom Uor 'kovskoge issledovatel'skoge
fisiko-tekhnicheskogo instituta,

(Steel alloys—Matallography) {Tempering)

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"



"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2

APAYEV, B.A, dotsent, kond,fig,=mat, nauk

Pracoss of carhidea formation during tha tompering of nolyhde-
num and mangnnese steals, Igv.vym,ucheb,zav,: charn.met, 2
no.5173=82 MKy '59, (4IRA 1219)

1. Gor'kovekly {asladovatel'skiy fiziko-tekhnicheskiy institut,
Rokomnndavana Uchanym sovatom Gor'kovekogo isaladovatel'skogo
fisiko~teakhnichesknge inetituta,

(Stanl==Hnat troatment) (Phase rule and equilibrium)

. L e .- . .. o B - . e e e -

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"



"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2

”mv._j:%.. ‘ insh, —

Effect of alloying elementa and carbon on the kinetics of
decowposition in undercooled austeonite. Isv.vys.uchebd.sav,;
chern,ust. 2 no.10:113«129 0 1§59, (MIRA 13:3)

1. Oor'kovskiy isslddovatel'skiy fisiko-tekhnicheskiy
institut,

(Stesl alloys--Netallography) (Metals at low temperaturs)
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18(3), 18(7), 2u(2)
AUTHORS Krasotskaya, S, N, and Apayev, B, A, 50V/126~7-2-6/39

TITLE: Decomposition of Residual Austenite in the High-Speed
Steel R18 (0 raspade ostatochnogo austenita v
bystrorezhushchey stali R18)

PERIODICAL: Fizika Metallov i Metallovedeniye, 1959, Vol 7, Nr 2,
Pp 192-197 (USSR)

ABSTRACT: Residual sustenite in high speed—ageel decomposes on
cooling after soaking at 500 to 560°C whereas in carbon
and alloy steels this happens on heating, The steel R18
represents a complex system, hence it was appropriate to
investigate the behaviour on tempering of the super-
cooled y-phase of simpler systews, namelyr, the binaries
Fe-W, Fe-V and Fe~Cr; the ternaries Fe-C-W, Fe-C~V and
Fe-C-Cr, and the quaternary Fe-W-V-C:, Nc¢ change in
the magnetic properties of Lhe ferrites, including the
complex alloy one, were observed, "This means that the
presence of residual austenite is associsted with carbon
content, For the study of the decgnposition of residual
austenite in quenched steele, I _(L7) curves were plgtted
for specimens during continuous heating up to 65%°C and

Card 1/6 subsequent cooling in a magnetometer furnice. The

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"
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GOV/126=7=2=6/39
Decomposition of Residual Austenite in the High-Speed Steel R18

heating and cooling rate was 5°C/min. Such curves are
shown in Fig la for tungsten steels with limiting W contents
(1 and 18%); in Fig 1b for vanadium steels (0.3 and 4% V);
and in Fig 1B for chromium steels (4 and 6% Cr). An
investigation of threec systems 1in a concentration range
corresponding, to the alloy olemont content of the ctecl
R18 has shown that the decomposition of residual
austenite Eakos place during; heating, being complete at
3275 to 400°C., As the W, V and Cr content is increased,
the stability of the residusl sustenite tends to increase.
From the Is(t ) curves plotted in the same way for the

steel R18 it can be seen that the bulk of the austenite
of this steel decomposes on co8ling. Howeveyr, if the
heating rate is reduced to 0.3 ¢/min, the deconposition
of the residual austenite occurs in the same¢ nanner as
in the other steels, i.e6 during heating, but at higher
temperatures (625 to 675C, see Fig 2), Whereas the
behaviour of 8% Cr steel is similar to that of the steel
~ R18 (see Figs 3a,b and 4a,b), that of the others
Card 2/6 investigated is aifferent, the austenite decomposes on

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"
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Decomposition of Residual Austenite in the High-Speed Steel R18

heating and during isothermal soaking but not on cooling.
This might lead to the assumption that the characteristic
of decomposition of the y-phase in high-speed steel is
associated . with the presence of chromium, However,
austenite of the steel R18 contains only 8% Cr. This
suggests that a characteristic of austenite decomposition
may be due not to the absolute chromium content but to its
relative concentration, i.e.the Gt/C ratio which according
to Michel and Papier (Ref 2),is 9 for steel R18.
Confirmatory experiments with other steels (0,2 and 0.% C
and 4% Cr) have shown that the decomposition of residual
austenite occurs only during heating ard isothermal
soaking, The results obtained led to the conclusion that
the stability of austenite in the stecl R18 during
heating is due to the joint action of carbon and alloy
elements, The stability of the y-phase during isothermal
soaking at the tempering temperature rarge of this steel
may be associated with this, A study of the nature of
decomposition of super-cooled austenite of -, V-, and
Cr-steels has shown that, as the alloy element content of
Card 3/6 1% carbon steel is increased, the isothermal decomposition
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50V/126-7-2-6/39
Decomposition of Residual Austenite in the High-Speed Steel R18

diagrams gradually change from the usual (C-shaped) to the
more complex (S-shaped) ones and the temperature range of
austenite stability widens. This zone becomes clearly
pronounced in \W~-gteels at a W content &%, and V- and
Cr-gteels at a content of 2% of thesé eleménts
respectively. Figs 5 and © show the change in magnetization
in steelg 10Xk0 and 1OWE0 respectively - 1) on isothermal
soaking and ., on repeated heating and ccoling. In all
the investigated steels baving a zone in which the super-
cooled austenite is stayle, the austenite is also stable
in the range 500 to 5%0°C, If the transformation in the
isothermal soaking range does no% go to full completion,
then decomposition of austenite (residual and super-
cooled) occurs during cooling. +i1he relationship between
the stability zone temperatures und kinetics of decomposi-~
tion permit the conclusion that the stability of
austenite and the nature of processes occuring on tempering
quenched stecls and isothermal decomposition of super-
cooled austenite are due to some common reasons which so
Card 4/6 frar have not been elucidated. A comparison of bthe
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Decomposition of Residual Austenite in the High-Speed Steel R18

kinetics of decomposision of residual asutenite on
tempering the steel R18 and steels containing the same
quantity of alloy elenents as high-speed steel shows
that on alloying the steel with W and Cr the decomposition
of austenite proceeds analogously to the decomposition of
austenite in steel R18, Alloying with V does not lead
to the same analogy. This leads to the conclusion that
the characteristics of decomposition of austenite of
high-speed steel is associated with the action of Cr and
W. Cr tends to ralse the stability of residual
austenite considerably. The conmplete similarity in the
kinetics of austenite decomposition of high-chromium
steels and steel R18 cn isothermal tempering leads to
the conclusion that chromium exercises the strongest
influence,
There are 6 figures and 5 references, # of which are
Soviet, 1 French,

ASSOCIATION: Issledovatel'skiy fiziko-tekhnicheskly institut pri
Gor'kovskom gosudarstvennom universitete

Card 5/6 (Physico-Technical Resecarch Institute of the Gor'kiy
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Decomposition of Residual Austenite in the High-Speed Steel R18

State University)
SUBMITTED: June 11, 1957

Card &/6
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AUTHORS @ Apayev, B.A. and Sysuycv, Yu.A.

TITLE! Influence of the Original Structure and Temperature of
Deformation on Phaso Transformations During Flastic
Deformation \u z ' -

PERIODICAL:Fiz2ika motallov i metallovedeniye, 1959, Vol 8, Nr 6,
pr 915-921 (USSR)

ABSTRACT: This paper is devoted to questions similar to those
published earlier (Ref 11 and 12) and also to the study
of the influence of the deformation temperature and
original astructure on the nature of phase transformntions

and harde ing dur%ng deformation, The production types of

steel Ul” and Ul0"were used as materials for investigation,
Prior to deformation,specimens of 4% x 40 mm cross section
were subjected to a series of heat treatmonts, the
conditions of which are indicated in Fig 1,in order to
obtain structures with different shapes of cementite,
Deformation was carried out by universal non-uniform
compression in rings (Ref 1), During deformation in a
medium of liquid nitrogen, the specimens, compressed in the
ring, were preliminarily cocled in nitrogen in a Dewar
Card 1/5 flask. 'As soon as the nitregen was off the boil, they were

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"
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Influence of the Orisinal Structure and Teamperature of Deformation
on Fhase Transformationa During P'lastic Deformation

Card 2/5

placed in a die accommodated in a retort which was also
filled with nitrogen. The rotort size was melected so

that the specimen should be covered by liquid natrogen
during deformation, Upsetting was carried out in a

60 ton Gagarin press. The dogree of deformation (W X)

was determined according to the change in length of the
sp.ecimen and was between 25 and 27%. The magnetic phase
analysis mothod was chosen as the method of investigation.
Determination of the phase composition was carried out
according to magnetographs (curves Ja(t) ), which were
constructed with a ballistic magnetometer in a field of
10,000 oersted. The phase cuomposition of the specimens
after the above heat treatments is represented by
magnetographs in Fig 1. In Fig 2 magnetographs of the

same specimen after deformation at rcom temperature are
illustrated. In order to prevent heating of the specimens
in the sccond series of experiments, the deformation was
carried out in liquid nitrogen. It has Leen found that the
nature of the mechanism of deformation is preserved at a
temperature of -196°C (Fig 3). 1In Fig 4, magnetographs ’f///

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"
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50V/126-8-6-20/24
Influence of the Original Structure and Temperature of Deformation
on Phase Transformations During Plastic Deformation

are shown of the original specimen and of specimens which
had been compressed by 46,6 and 86,85% (curves 2, 3 and &),
The magnetograph of the original normalized specimen is
represented by curve 1, The increase in the total
magnetization of the specimen and in the magnetization in
the ferrite portion of the curve J (t) (Fig 5) with
increase in deogroe of deformation shows that an ever-
increasing quantity of the cementite phase is taken into
solution during transformation and that this transformation
leads to an increase in the quantity of the a-phase.
The curves 1, 2 and 3 in Fig 0 characterize the volume
change of ferrite, cementite and % -carbide, respectively,
in relation to degree of deformation, 1In Fig 7 the
change in hardness in relaticn to degree of deformation is
illustrated for steel with granular and plate-like
cementite. The work carried out shows that the more
distinctly the plate-like shape of cementite is outlined,
the more rapidly does its decomposjition proceed with
formation of ‘X -carbide and a-iron. As the plate-like
Card 3/5 form decreasvs, this process becomes less distinct and
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Influence of the Originnl Structure atd Temperature of Deformation
on bhaso Transformations burang Plastic Detormation

when the cementite acquires a granular shape, this
process does not take place at all., 1In the light of
these facts, it must be assumed that ateel which has
been annealed so as to exhibit granular cementite is
more stable than that annealed to give plate~like
cementite. Lowering the deformation temperature does not
change the general nature of transformation and the
relationship with the structurec. As long as the carbide
phase Y Fe C forming differs in carbon content from
cementite, there is a possibility of diffusion processes
as the result of deformation at low temperatures. The
mechanism of formation of this carbide Is not understood.
It originates either from austenite formed due to local
heating or as the result of a crystallographic _
rearrangement of cementite under the action of streass.
Gratitude is expressed to S.V.Vonsovskiy for his interest
in ‘the discussion of preliminary experimental results and
for his offer to study the nature of phase transformations
during deformation in liquid nitrogen, There are L!"
Card 4/5 7 figures and 21 refercences, 1lU of which are Soviet,
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2 English and 1 Japancse,
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search Institute)
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APAYRY, B.A.; SYSUYEY, Tu.A.

Phase transformations during the mechanical testing of
ordinary carbon steel. Isv.vys.uchedb.zav.; chern.met.

n0.5:91=92 '60, (MIRA 1316)

1. Oor'kovekiy issledovatel'skiy fisiko~tekhnicheskiy institut.
(Steel--Metallography) (Pbase rule and equilidrium)
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AUTHORS: Sysu'yev, Yu.A., Apayev, B.A,, and Balakina, L.M.

TITLE: Investigation of the Phase Composition and of the Fine
Crystal Structure of a Plastically Deformed Steel

PERIODICAL: Izvestiya vyschinh uchebnykh zavedeniy, Fizika,

TEXT: Since the nature of the transfo

phase depends on the shape of 1its

elucidate the chara

a-phase during plastic

of various shapes and to .hé Qmentite
affect the process of strengthening. Steel Y-10 (U 10Mwas chosen
for the investigations after normalisation annealing Tt 1000 °C and

annealing to obtain granular cementite. Specimens of 12 mn dia,,
20 mm in length, were deformed to various extents by means of g

hydraulic press. To determine the phase composition of the steel

after plastic deformation, magnetometric investigations were carried
out. From deformed templates specimens were cut (along the
diameter) with a length to cross-section ratio equal or larger

éhag ?)h From the specimens magnetograms Ig,(t) were plotted by
ar »
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cir t

means of a ballisticémégggtometer in fields of 10 000 Oe. For
determining the quantitative ratio of the phases the sections of
the magnetograms of the phase components were extrapolated to room
temperature, using the approximation of Heisenberg ?Ref. 12).

To detect the nature of the dependence of the 3tressed state and
the crystal structure on the degree of deformation, X-ray
measurements were made by means of iron radiation with an ion tube
~fser removing the surface layer by etching. For the investigations
the 1ines (220) of the a-phase and (222) of copper were used.
Photometering of all the X-ray diffraction patterns was effected by
means of a microphotometer with an amplification of 9 X. The
results show that plastic deformation of steels with lamellar and
granular cementite leads to differing results. The basic
difference consists in the fact that pha'?e transformations are
caused in steel with lamellar cementite)whilst in the case of
granular cementite this has not been observed. The character of
the changes of the fine structure as a result of plastic
gefgrgigion of stee) U 10 in both states is qualitatively equal.
ar
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A high level of type II distortions and the smaller size of blocks
in the normalized steel can probably be explained by a change in
the coherent bond between the a-phase and the cementite as a
result of phase reconstruction in the latter. In a number of
papers, the change in strength is attributed to changes in the
fine structure of the phase components., On the example of single
phase systems and satisfactorily annealed multiphase alloys,
changes in type II stresses and in the size of blocks have indeed X
been found to determine the strengthening during plastic
deformation (Refs 4, 16, 17), The experimental data given in the
present paper indicate that this analogy also applies to steel
with granular cementite. Since during deformation of such
structures the cementite phase is not subjected to any changes,
the changes in hardness can only be due to the state of the
a-phase. The higher hardness of the normalised steel -both in the
initial state and after plastic deformation can also be

attributed to the difference in the fine structure. The change in
the fine structure is similar for both states of the steel;

Card 3/4
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howsver, the character of the strengthening differs. This
indicates that the changes in the fine structure of the a-phase
do not reflect the law of strengthening during plastic
deformation of steel with lamellar cementite,

There are 5 figures and 17 references: 11 Soviet, 5 English and
1 Japanese.

ASSOCIATION: Issledovateltskiy fiziko-tekhnicheskiy institut
Gor*kovskogo gosuniversiteta imeni N.I. Lobachevskogo

(Physics and ineering Research Institute,
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SUBM.ITTED: December 19, 1959
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Apayev, B.A.

Contribution on the Contradictions Which Have Arisen

About the Carbide FPhases Formed in Tempering Carbon

Steel fl W

Fizika metallov i1 metallovedenive, 1960, Vol 9, Nr 3,
pp 400-414 (USSR)

The author points out that carbide-formation in the
iron~-carbon system is of intereast both in organic
chemistry (hydrocarbon syntheses from carbon monoxide
and hydrogen on iron catalysts) in case hardening and
in the metallurgy of tempering., In organic chemistry
the formation of three carbides is generally admitted,
controversy centering on the role of the ¢ and 7Y
carbides in hydrocarbon syntheses (Ref 2,7). llowever,
in the other fields controversy is wider, The author
surveys two schools of thought, based on electron and
X-ray diffraction analysis. The first (Ref 8 to 17)
consider that in tempering two carbide phases,
¢-carbide and cementite are produced; the second school
(Ref 18 to 21) consider that the phases are a series of
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Contribution on the Contradictions Which Have Arisen About the
Carbide Phases Formed in Tempering Carbon Steel

carbides isomorphous only with cementite. When nagnetic
analysis has been used, the carbides revealed coincide
with those agreed on in the organic-chemistry field

(Ref 3, 25, 26, 33, 34). The author discusses the basis
and advantages of magnetic phase analyses which are not
appreciated by all workers in this field, He goes on to
present some experimental data which indicate the
formation of a high-temperature X - carbide in the
tempering of carbon steel.  Fig 1 gives saturation-
magnetization as functions of temperature for U-10 steel
after annealing and tempering at 350 to 650°C. Fig 2
shows the corresponding functions for 25 to 350'0 for
specimens retempered at higher temperatures (350 to 650°).
These results, the author shows, contradict the views of
K.Jack (Ref 8) and others (Ref 18,19) involving cementite
in the strained state with a Curie point of about 265°C.
Further evidence against this view is provided by a

check based on Heissenberg's approximation (Ref 52-53).
Fig 3 shows the result of such a check for a specimen »I/
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Contribution on the Contradictions Which Have Arisen About the
Carbide Phases Formed in Tempering Carbon Steel

after 10 hours tempering at SSO'C. showing experimental
and calculated points for saturation magnetiration

versus temperature curves. The author cites other
experimental evidence, against Jack's views, for example,
the effect on saturation-magnetization versus temperature
curves of alloying elements (Fig 5), of different heat
treatments (Fig 6) and of both these factors (Fig 7), and
refers to a previous article of his on this subject

(Ref 31). The author's general conclusions from his
survey are that magnetic analysis is as objective a
method of phase analysis as X-ray methods and can give
qualitative and quantitative results for complex systems:
a particular advantage is that the Curie points, taken as .
phase characteristics, are independent of atrain and K
dispersion. Magnetic analysis confirms the existence in
tompered carbon steels of three carbide phases, [&Q.ﬂ
‘X PexC and eFegC with Curie points of 210, 265 and 380°¢
rospectively. The observed break near 265°C in the
saturation magnetization versus temperature curves is due

v
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AUTHORS ; Apayev, EEA" Levina, F.I., Krasotskaya, S.N. and
Pavel yova, g L.
TITLE: Solubility of Alloying Elements in Cementite

PERIODICAL: Fizika metallov i metallovedeniye, 1960, Vol. 10,
NOQ 2, ppo 2‘*5 e 250

TEXT: In this work the solubility of tungsten, vanadium,
chromium and manganese in the first portions of cementite
produced on tempering of hardened steel was examined. The
increase in their solubility with increasing tempering tempera-
ture was also studied. Published data (Refs. 10, 11) show that
the solubility of alloying elements is considerably less than
their contents in steel (Table 1). The present work was
carried out with the following steels, all containing 1% C:
10Kh6 (0.6% Cr); 10Kh40 (4% Cr); 10Gl2 (1.2% Mn); 10F5

(0.6% V); 10F12 (1.2% V); 10V6 (0.6% W) and 10V20 (2% W).
Chromium and manganese stecls were hardened from 1150, the others
from 1280 °c. Tgmpering was effected at 250-650 °C, spe:simens
tempered at 450 "C being used for chemical investigation (with

electrosolution by N.M. Popova's method, (Ref. 10), applying a
Card 1/3
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thors (Krasotskaya = Reof 15) has shown that
in molybdenum.otunguton and vanadium steels cemo tite is first
formed at 100 C and that after 10 hours at 250 C martensite
decomposition is practicnlly completed. For this group of steels
chemical analysis was carried out only on electrolytic residyes

of the tungsten and vanadium stools tempored at 550 and 150 ¢ for
10 hours (Table 3> shows the alloying-elemont content as percentage
of steel sample weight). For 10Kh6, 10G12 and 10Kh40 stecls the

Curie point (Curves 1, 2, 3, respectively) and the alloying
4, 6, reSpectively) are \)(/

a chack). One of the au

element content of the residue (Curves 3, 4,
he results of this work

inst tempering temperatures.
£ some authors (Refs. 1-5), as shown in

ntents of steel and residue are shown
whatever the alloying element .
low its content in
bility changes with tempering

of the alloying alement.

g elements in cementite governs thelr
bon) between the alpha and carbide

Table 4, where chromium ¢o
for a serie
its initial soludb
the steelj
temporature does depend ©
The solubility of the alloyin
distribution {(and that of car
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Solubility of Alloying Elements in Cementite

phases. With tungsten, vanadium and molybdenum the redistribution
of carbon occurs first for most of the range; with others both
carbon and alloying elements can move simultaneously and hence the
elements can be present in the first portions of cementite.

There are 1 figure, 4 tables and 16 references: 1lb Soviet,

1 English and 1 Japanese (in English)

ASSOCIATION: Gor'kovskiy issledovatel'skiy fiziko-tekhnicheskiy
institut (Gor‘'kiy Physics-Technical Research \%

Institute)
SUBMITTED: December 23, 1959
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AUTHORS : Apayev, B,A, and Yakovlev, B.M.

TITLE: Use of Magnetic Phase Analysis for Separate
Determination of Combined and Free Carbon {]

PERIODICAL: Fizika metallov i metallovedeniye, 1960, Vol.l0, No.#4,
pp.527-533

TEXT: The authors describe the application of the additivity of
saturation magnetization in a heterogeneous system to the
determination of ferrite and cementite in steel, Fig.l shows for

some carbon steels the magnetization versus temperature curves
required if the chemical composition orYthe Ysamp e i3 not known, £
These curves rdfer to annealed types 10 20'¥ 30¥ Y7(U7)'¥ Y9 (U9)
and Y10 (U10)*steels., The cementite determination required
extrapolation of the ferrite part of the curve and the authors
describe a published (Rafs. 2,3) method which gaves good agreement
of experimental and calculated points (dots and crosses
respectively, in Fig.l). Fig.2 illustrates this method and

Fig.3 another method in which an armco-iron standard is used
(circles in Fig.l), Both methods are applicable in principle to all
steels with ferromagneticcarbide phases, providing that the alloying-
Card 1/2
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Use of Magnetic Phase Analysis for Separate Determination of
Combined and Free Carbon

element content in the alpha-solid solution is known. The
applicability of both extrapolation methods to the stcels
represented in Fig.l is shown in Fig.4, giving a volumetric %
cementite as a function of free carbon. The authors have used the
technique to study graphitization of two malleable irons
(respectivaly 2,45, 2.45% ¢; 0.58, 0.50% Mn: 1.16, 1.76% Si;

0.12, 0.60% s; 0.078, 0,078% P; no Cr). Fig.5 gives as functions
of temperature the percent cementite and its contribution to
magnetization. From these the free carbon was found, ‘The good
measure of agreement with chemical-analytical results is snhown in
Table 2. The method is much faster than chemical analys:s, There
are 5 figures, 2 tables and 6 references: 3 Soviet and 3 Bnglish.

ASSOCIATION: Gor'kovskiy issledovatel 'akiy fiziko-tekhnicheskiy
institut (Gor'Kiy Physics and Engineering Retiearch
Institute)

SUBMITTED: December 17, 1959
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AUTHORS : Apayev, B,A, and Sysuyev, Yu,A,

TITLE: Influence of Plastic Deformation on Changes :n the
Phase Composition of Steels Alloyed with Cr, «ind Mn

PERIODICAL: Fizika metallov i metallovedeniye, 1960, \/61.10, No,5,
PP-767‘771

TEXT: The authors have Previously shown (Ref.1,2) that plastic
deformation of carbon steels produces transformation of the
Cementite phase. The object of the present work was to find the
results of plastic deformatjon of alloyed cementite, Types Wl X1s5
(Shkh15)Yand 1012 (10612)((1.01% ¢ and 1,11% Mn) steel were used,

Plotted in the left hand graphs in Fig,1 and 2 respectively for
the undeformed, heat treatea state; the corresponding plots for
the deformed steels being shown in the right-hang graphs, The

20016-2"
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Influence of Plastic Deformation on Changes in the Phase
Composition of Steels Alloyed with Cr and Mn
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AUTIIORS : kﬁggyov, B.A., Sysuyev, Yu.A. and Balakinc L.M

TITLE: The effect of carbide transformations on the
variation of structure and properties of cold-vorked
and hardened carbon steels during tenpering

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Chernaya
metallurgiya, no. 12, 1961, 117 - 12k

TEXT: Other workers (Ref. 1: V.K. Babich, K.F.Starodubov -
IVUZ, Chernaya metallurgiya, 1958, no.2; Ref. Z: A.P.Gulyayoev,
N.I. Burova - Motallovedeniye i obrabotka metallov., no. 1, 1955)

whe have studied changes occurring during tempering of steel at
temperatures above 300 C have found that similar caanges take
place in both cold-worked and hardened specimens, Starting from
the assumption that pl-stic deformation does not bring about any
phase transformations, <(hese workers concluded that the changes
observed during tempering could not be caused by transformation
of the carbide phases. Results of more recent studioes of this
problem (Ref. 3: B.A. Apayev, FMM, v i, no.2, 1957; Ref. h:
B.A. Apayev, Yu.A. Sysuyev - Nauchnyye doklady vysahey shkeoly,
Card 1/f —
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Metallurgiya, no. 2, 1958: Ref. 5: B.A. Apayev, fu.A.Sysuyev.
FMM, v.8, no.6, 1959) indicate, however. that this conclusion 18
not quite correct. It has been found that plastic deformation of
steol with lamellar cocmentite is accompanied by the formation

of carbide xfozc and by an increase in the proportion of the

a-phase; as the proportion of lamellar cementite decreascs, the
plastic deformat ion-induced transformation diminishes and ceasas
completely when granular cementite only is present in a given
steel. Theo behaviour of cold-worked steel during t empering should
thercfore depond on the form of cementite it contains and the
object of the present investigation was to check the validity of
this postulate. The experiments were carried out cn specimens of
stecl Y10 (U10), anncaled under conditions which ensured the
formation of granular cementite, normalized (1.e. containing
lamellar cementite) and hardened. The anncaled and normalized
specimensg were cold-worked (by forging and drawing) after which
both the cold-worked and hardened (gquenched) specimens were

t eapered for 30 min at progressively hisher temperatures in the

card 2/ 7
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300 - 700 %c range. After each tempering operation the
c¢onstitution of the specimen was deternmined by a macnetometrac
method, its coercive force "c was measured to provide

information on the changes in tlie state of stress, the size of
bPlocks in the a-phase grains was determined and the Rockwell
hardness R, was measured. The results can be sumiarized as
follows. No change in the constitution during tempering was
observed in cold-worked specimens of steel containing granular
cementito. In contrast, the constitution of cold-worked steel
containing lamellar cementite changed during tempering in a
manner simile to that observed in hardened specimens Tais is
demonstrated by the results presented in Fig. 1, where the
proportion (pv, %) of the a-phase (Curves 1), cementite

(Curves 2) and X:cnrbide (Curves 3) is plotted against the

tenpering temperature (OC), Curves a and § relating, respectively.
to piastically-doformed (50% reduction) and hardened steel
specimens. e temperature range at which the transformation

of the x:carbide took place during tempering of cold-woried

Card 3/’ >
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steol (with lamollar cementite) depended on the degree of

M eliminary deformation, being shifted towards the lower
temperatures in heavily deformed material. The variationa of

other properties is illustrated in Fig. 3. where tlhe coercive

force (}%. erg - graph a) and hardness (RA - graph ) are -

Plotted against the tempering tenmperature (OC), Curves 1-3
relating, respectively, to hardened specimens, cold-worked steel
with lamellar cementite and cold-worked specimens of steel with
granular comentite. The results described above confirmed the
findings reported in Ref. 1 on the similar nature of changes
occurring during annealing in the properties of hardened and
cold-worked steel with lamellar cementite and showed thet tuis
similarity was abs=ent when tihe cold-worked specinens contained
granular cementite In the same way, the form of the coementite
affected the changes in the width. B . of X-ray diffraction lines
of the a-phase as illustrated in Fig. 4, where B(mm) is
plotted agaiust the tempering temperature (°C). Curves 1 and 2
relating respectively., to defornmed specimens of steel with
lamellar and granular cementite. On the o! or nand o nerthier the

Card 't/y 77
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variation in the X-ray diffraction-lines width of the a-phase
nor the “c curve (Fig. 3a) obtained for the cold-worked

specimens of stcel with granular cementite reseombled thosoe
obtained for hardened specimens. The cause of these differences
and similarities becomes clear if the teapering-induced changes
in the constitution of cold-worked and hardened specimens are
compared. As can be scen in Figs 1, 3a and 4, anomalous
variation in the coercive force and the X-ray diffraction-lines
width takes place in the same temperature range in which the
x-carbide undergoes a transformation. In cold-worked steel with

granular ccementite in which no phase-transformation occurs, no
anomalies in the variation of these two propertics wosre obscrved.
Consecquently, tho changes in the fine struc&ure which occur
during tempoering at tomperatures above 550 "C and which cause
anomalous variation of “c and B in hardencd and cold-worked

steel with lamellar cenentite are associated with the
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As a result, the stability of the wosaic structrrre of the a-phase
iy destroyed, which lends to the onset of lustic stip ia tae
ciryatnl lattice, cavsing Craguentation of blocly aat/or
fahibiting thedi Srowth.  These processess L@ v, conse i .+
siubllae veriation Ln ihe coercive force aand niciler character

of thoe softenin:; proce s during tempering. Thoe resnlts ol the
sresent dnvestigation are corrcelated il (hone ohiadued by

other worliers and it is sugsesiced: that cheages i olacl proper-
ties (intensity of wagnetination, specific veliuac, cte) are

also affectced to a oreater or lesues cxnteal by e carbide
transforiation. Cn the olher haad, tiis Jees not apply to
specific nheat, whose variation is “ore litiely acsocicted with

ths reolief of strasses of tihe sccond type Lo the a-puase lattice.
Thoere are 7 figures and 23 reflerences: 20 Soviet-bloce and

3 nou-Soviet-bloc. Tuc turce Buglish-lanuage referouces
sientioned are: Ref. 18: Cecado, Arato - J. Jopan Iust.Metals,
v.19, no. 2, 1955%; Ref. 20: G.I. Taylor, H. Quinney - Pros. Soy.
Soc., 1934, 143, 307 Ref. 05t T. Sato - Sci. RepeTap,
Univers., 1931, 20, 1l.
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" EKRASOTSKAYA, S.Rs; APAYEV, B.A.; YAKCVIEV, B,
Effect of alloying elements on the kinetics of isotherms) decomposition
of residual austenite. Izv. vys. ucheb, zav.; chern. met. 4
no.f:100-107 '61, (MIRA 14:9)

¢ 1. Oor'kovskiy issledovatel'skiy fiziko-tekhnichaskiy institut,
(Steel alloys--Thermal properties)
(Phage rule and equilibrium)
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TITLE:
Steels

PERTODICAL: Fizika metallov { metallove

pp.261-271
TEXT:

tempering of hardened
The ¢ylindrical spuacim
heated in vacuum to 11

in Wond's alloy (up to 250°C) .
furnace (at temperaturos
temper ing vartiad from 6 h
temperatures, The magnetic
experimental technique was su
and carbide analyaea.
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3/126/61/011/002/013/025
E193/E483

Yakovlev. R,M. and Apayev. D,A,

Prccesnes Taking Pla

The object of the pPresent investi
effect of the variation of the nickel con

steels whose composition
ens (40 mm long, 4 mm in diameter) were
50°C, quenchad in » 10% solution of caustic
soda and then cooled in liquid nitrogen,
in tin (up to 6
higher than 650°c).
nt elevated temperatures to 250h at low
Phase analyats which wan the matin
Pplemented by X-ray,

In the first seri
effect of nickel on the stability of

temporntuge annenling was studjied.

¢ During Tempering of Nickel

deniye, 1961, Vol,11, No.2,

gation was to study the
tent on the process of
is given in Table 1,

Tempersng was carried out
507°C) or in a vacuum
The duration of

clectronographic
¢8 of experaments, the
martensite during low-

The results ara reproduced in
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Fig.ln where the increase HDa 1in the proportion of the c-phase
against the tempering temperature (°C), the type of steel being
indicated by each curve; 1in the insert (Fig.1lb) the proportion of
residunl austenite (agem . %) in quenched specimens is plotted
against the nickel contont (%). It will be soen that with
increasing Ni content, 40¢m 1ncteased, At low concentrations,
nickel accolerated the dezomposition of martensite whose atability
increcared at high Ni concentrationa, In the sacond stage of the
investigation, the general character ¢f the process c¢f formation of
carbides during tewmpering cof nickel atesl was studied, The
resulta showoed that the transformation of the carbide phases in

Ni stecls takes place in the same manner as in carbon steels, 1,0,

martensite v-)tFexC -3 X FexC --)Fe-}C

However, an increase in the Ni content of these steels has a
marked ef'fect on the atability and on the rate of the decomposition
of the intermediate carbide phases, Thus, with increasing Ni
content the stability of the e-phase increases, reaching a maximum

Card 2./).?,

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000101820016-2"



' $/126/61/011/002/013/025
Processes Taking FPlace .. E193/E483

at 2k Ni, after which it decreases again, In contrast to the
carbide-forming alloying additions, nickel increases stability of
the X-phase at high temperatures, This 1s best illustrated in
Fig.4, where the proportion (P.%) cf the % -phase present in

steels 10H40 (1ON4O) (curve 1) and 10H1I0 (1ON10) (curve 2) is
plotted against time (h) of tempering at 600°C, The general
process of carbide formation in steel 1ONHO is illustrated in Fig,5,
where the proportion (Py, vol.X) of the ¢-phase (curve 1),

X-phase (curve 2) and cementite (curve 3), prescent in the steel
after 1h tempering. is plotted against the tempering temperature
(°C), the broken portions of the curves hoing tentative only, It
will be sesn that the e-phase starts to form at the very beginning
of the decompoaition of martensite and that at temperatures above
200°C the proportion of this phase rapudly decrenses with a
corresponding increase in the proporvion uf tementite and the

%X - phase. The intermediate X - phase is stable up to 400°C; the
decompoaition of this phase brings about an incrcass in the quantity
of martensite and the qualitative chatacteristics of this process
indicate that in the formula Fe,C of the X-phase, x &£ 3. In

RS A 8000 (T B T OF BB U T TAERINEY L G AR AT R PLCEN U B 300 A0
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fact, the results of calculations, based on the magnetometric
measurements carried out on apecimens, treated to contain a
maximum proportion of the X -phase and subasequently annealed to
attain full de:omposition of this phane. showed that the % -phase
is described by the formula Fe;C. In the next series of
experiments. specimens of steol 10N40, heat treated to contain the
maximum proportion of the e-phuse, were disaolved electrolytically
and the reaiduss, constituting the ¢-phase, were examined by
electron diaffraction, The results agrecd with those obtained by
other workeras (Ref.15 - 29} and 1ndicated that the ¢-phase with

the Curie point at 380°C has heaagonal crystaji lattice, The
resulta of X-ray diffraction analyatls of the X -phase, separated by
the electrolytic mothod, were also in agreement with thoase obtained
by R.H.Jack (Ref.21)and Oketant {(Ref.15), The object of the next
series of experiments was to study the solubility of nickel in
cementite, To this end. specimens of steols 1047, (10N7), 10ON1lO,
10N4O and 3M40 (3N40) (0.3% C. 4.0% Nt) were tenipered at 700°C for
1l to 50 h, after which they wers dimssolved electrolytically, the
undissolved carbide residues having baen examined by chemical

Card 4No
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analysis and magnetometric measurements ., The results of the
chemical analysis showed that the time at the tempering temperature
had practically no effect on the N1 content an the carbide residue,
The quantitative data on the composttion of the residues,
reproduced in Table 5 were in agreenent with those quoted in the
literature (Ref. 27, 29-32), Since. however the residues probably
contained a proportion of undissolved a and Y phases, the increase
in the Ni content in the residuea does not neceasarily mean that
¥ith tncreasing Ni content fn the steel  the Nt content in the
toementite nlso increases. According to the calculations of the
Present authors . the solubility of N1 in the cemantite of steels
10N7, LON10. 10N4O and 3N4O 1s 0.0405, 0.0826, 0.188 and 0.243%,
respectively. Based on the resulta of the Present {nvestigation,
a diagram of the temperature atability of the carbide phases in
tempered N3 stcels was constructed, The disgram, reproduced in
F1g.10, represents a vertical section of a metastable, ternary
Fe-Ni-C system at a constant tarbon concen‘jyation of 1.0%,
tenmstructed on the Lasis of data on the constitution of the alloys
aftor 1h temperaing. There are 10 figures, 5 tables and
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33 references: 21 Soviet and 12 non-Soviet.

ASSOCIATIONS. Gor ‘kovakiy 1saledovatel 'akiy fiziko-tekhnicheskiy
institut (Gor‘kiy Phyatcotechnical Research Institute)
Gor 'kovskiy politekhnichaskiy tnatatut
(Gor ‘kiy Polytechnical Inatitute)

SUBMITTED: April 25, 1960 {(ini1tially)

Septeaber 5, 1960 (after revision)
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_APAXEV, B,A,; YAKOVIEV, B,M.; TIKHONOV, G.F,

Effect of silicon on processes of carbide formation and
graphitization during the tempering of hardened stesl, Fisg.
mot, i metalloved. 12 no.2:208-216 Ag '61, (MIRA 14:9)

1. Gor'kovskiy issledcv=tel'skiy fismiko-tekhnicheskiy institut
i Gor'kovskiy politekhnicheskiy institut iment A,A, Zhdanova,
(Steel—-Heat treatment)
(silicon)
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$/126/61/012/003/012/021
E111/E335

AUTHOR: W_LAL_

TITLE: Some physical properties of the high-temperature
carbide of iron xfexC. formed on tempering and

plastic-deforming

PERIODICAL: Fizika metallov i metallovedeniye, v. 12, no. 3,
1961, 409 - 416 -

TEXT: The author points out that no reliable data exist on
the chemical composition of the -carbide formed on medium-
temperaturce tempering of high-cngxbn stecl and on plastic-

deforming, when cementite is initially lamellar. This is due ////
to mothodological difficulties. In the present work magnetic y
analysis has been used to calculate the composition and magneti- -
zation of this phase and, in combination with the apparent
weight-loss method, its density. Two serios of experiments

were carried out. In the first series Y11 (Ull) and Y13 (Ul3)
stools were used. To eliminate the offect of oxidation, heat-
treatment {quenching, followed by cooling in liquid nitrogen,

followed by t empering) was carried out on 5.5-mm diameter rods,
Card 1/4
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from which 4-mm dia. specimens were prepared for density and v//
magnetic measurements. In the second scries, normalized

type Y10 (Ul0) steel was used, deformed by drawing through dies

with a reduction of 55%. From plots of magnetization as a functim

of temperature, the proportions of total magnetization due,
respectively, to cementite, alpha-phase and -carbide, and the

volume percentage of each phase were calculated; wusing published
values (Ref. 3 - Yur'yev, S.F. Specific volumes of phases during
austenits-martensite transformation., 1950, Metnllurgizdat)
values for the densities of cementite and iron, the latter were
converted to weight percentages. The density of the carbide
phase was found as the ratio of percentage by weight to that by
volume multiplied by the average density. The average value for

both stecls was 6.73 + 0.15 g/cm’. The average magnetization
of the x:carbida phase formed on tempering was found to be 875

gauss (accuracy + 10%); an armco-iron specimen was used to find,
by 0xtrapolationT the value of magnetization in terms of mm of g
instrument scale at 0° K, The average value of x in Fe C

Card 2/4 *
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for Ull steel, tompored at 300 and 350 °¢ and for Ul3 steel were
found to be 2.07, 1.84 and 2.02 when using a method based on the
carbon content of different phases. Witha a method based, in
effect, on iron contents, the first value was only 1.63, the other
two being in good agreement; this discrepancy is probably due to
not allowing in the calculation for the donsity of the alpha-phase
being somewhat lower than that of pure iron. The indications are
that the carbhide phases formed both in tempering and deformation
aro of the same nature. Electron-diffraction studies were also
carried out to show how much casier the magnetic method is for

a qualitative dotormination of the phase composition of t empered
and deformed stoel. A nickel steel (1% C, 4% Ni, chosen because
of the high stability of its -carbide), Ul2 steel (tompored for
1 hour at 400 °C) and Ul2 steo (deformed to 50% after normali- -
zation) were used. The mugnetization-versus-tomperature curves
showed all three types of material to contain FoBC. Fe2C and

alpha-solid solution. Residues from electrolytically-dissolved
spocimens were also used for obtaining such curves and for
electron-diffraction study and, after compressing the powder into
Card 3/hk
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a hemm diamet er rod, for ma
phuse-composit:on of solid

separated from these indicates that the observed kink in the
magnotization-vs-temperatu

X:carbldo

3 figures,
non-Soviet-bloc.
5 -« Z.S, Hofer,

a3 a phase distinct from Cementite, There are
3 tables and 7 references: 6 Soviet-bloc and 1
The Engliuh-languase reference quoted is: Ref.

E.M. Kohn and Ww,C, Poebles -~ J, Amer. Chem. Soc.,, 1949, 71, 1.

ASSOCIATION: Gor'kovskiy issledOVatel'skiy fiziko

institut (Gor'kiy Physico
Institute)

-tekhnicheskiy

SUBMITTED:

September 27. 1960 (initially)
April 15, 1961 (after revision)
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B110/B215

AUTHORS 3 Apayev, B. A. and Sysuyev, Yu. A,

TITLE, Dimensions and shapes of test specimens for magnetometric
studies

PERIODICAL: Zavodskaya laboratoriya, v. 27, no. 4, 1961, 414-416

TEXTs 1Intensity of magnetisation in quantitative magnetometric examina-

tions depends on the demagnetization factor which is a function of shape,
dimensions, and struoture of the specimen. Two series (I) and (11) of
specimens of Y 10 (U 10) steel were produced: series (1) with different
lengths and equal diameters, (II) with different diameters and equal

lengths. D. S. Shteynberg's magnetometer with ballistic measuring schenme

vas used. Experimental results showed the saturation of the specimen \/
attainable in practical application at a field tension of -
H « 8000 oersteds which was used for several experiments. Fig. 2 shows

the dependence of magnetiszation intenaity on the dimensions of the

specimen, Saturation is praotically obtained at a ratio of 1/d > 10 at

68000 oerateda. A ratio of l/d »10 {8 required for quantitative determina-

Card 1/5
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Dimensions and shapes of test... B110/B21%

tions of carbon steels with a C content € 1.0 %. Thess dimensions are
ulso suitable for magnetio sn&uration of lov- and medium-alloy asteels at
8000 oerateds. At 20 and 300°C, the intensity of magnetization was found
to be proportional to the orosa-sectional area (Pig. 26). 1In specimens of
different diameters, the linear dependence of Jo(s) allowed a quantitative

comparison of measurements, and the reduction to a standard specimen. The
method of Ref. 1 (B. A. Apayev, B. M. Yakovlev; Fizika metallov i

metallovedeniye. 10, 4 (1960)) was used to caloulate phases according t»
the magnetogram. For the examination of practical specimens of {rregular
goonmetric shapes it ia hecessary to know the magnetization intensity (Js)

of phase componente of the examined system, and the fraction of the
intensity of magnetization (A“i) of comparable specimens at equal

temperatures. Should there be a number of ferromagnetic phases, the
percentage by volume (Pi) of the phases according to the principle of

additivity is as follows: P, = (Aa1/a1)-1oo$; P, - (Aaz/uz)dOO%l

P, - (Aax/ai)-looﬁ P, = 100, (1) with Gy10ys...00a, standing for the
Card 2/5
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specifia intensity of magnetisation expressed in mm on the galvanometer
L scale, and Aa,. Acz.... @; the fraotions of magnetization of phases

192y+444 taken from the magnetogram. By using the ballistio nagnetomater

o in saturated magnetio fields, the following equation is obtained;

; : ay/a, J1 Jip ay/ay = J, Ji' vesee a1_1/ai - J1_1/Ji (2). From (1) and

i1 (2), we obtain for the speoific magnetisation,

ay = day + Aa‘-(Ji/J1) + A°2°(J1/J2) +Aa’-(J1/J3) + s 4 Aa1_1-(J1/J1_1).
Example:s the oarbon content of a specimen of any dimensions of hardened

Y 10 (U 10) steel 1a to be determined (Pig. 4). In the course of the
magnetogram ferrite and ceméntite ware found to bve constituents, Extra. !
polation of the ferrite seotion of the curve for room temperature yfelds

the quantities Aat andAAao. At room.temperature, Jo (of ferrite)

« 1685 oersteds, J, (of cementite) = 923 oersteds. From formulas (1) and

(3) a carbon content of 1.018% was obtained. It differed from the

analytioal value of 0.99% by 0.028%. There are 4 figures and 3 rofer-
enoces: 2 Soviet-blooc and 1 non-Soviet-bloo. :

Card 3/5 o ‘ !
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Dimensions and shapes of test.., 2493%3:4027/004/005/028

| ASSOCIATION: Gor'koveki
! Y 1ssledovatel'skiy fisiko-tekhnich
(Gor'kiy Physioal and Teohniocal Research In“::l&g)inatitut

a~J

‘ Legend to Fig. 21 Change in intensit q -

i of magnetisation lE dependent on leng{h ’ // —* 4
(lg and dinnotoro( ) of the apeoimen at "t 4 £
20°¢ (1) and 300°C (11). f 7
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processes and grapuitization during the quenching ot “ardened
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IRA 177

1, Gor'kovskiy issiedsvate.'gsiy Institut,
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APAYEV, B.A.; BELOUS, M.V.; PERMYAKOV, V.G.
Calculating the additive properties of alloys during quantitative phnae
analysis, Fiz. met, { metalloved, 17 no,21289-292 F 16/,

(MIRA 1712)
1. Kiyavskly politekhnicheskiy institut i Gor'kovskiy fiziko-tekhniches-
kiy institut,
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_APA2IDL, G.D., Ainzh.; BOYXO, AM,, Inzh,

Kaking a rotary-plslon engine gas L1gh%, Trakt. sel'khozmash, ne.7:
46-48 J1 65, (MIRA 1857)

1. Gosudaratvennyy soyuzryy nauchno-issledovatel'skiy traktornyy
institut,
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